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I. M. NED MISSION HIGHLIGHTS
'AIR & COSMOS' COMMENTARY ON CONTINUED MANNING OF SALYUT-6
- Paris AIR ET COSMOS in French No 786,10 Nov 79 p 42
[Article by Pierre Langereux: "New Cosmonauts Are Preparing To Man Salyut-6"]

[Text] Radio Moscow announced at the end of October that the Soviet
Salyut-6 orbital station, which has been unoccupied since 19 August 1979,
could receive a new crew and that it is currently being checked-out with
this in mind [Moscow World Service in English 1300 GMT 29 Oct 79; see

JPRS 74805]}. But Radio Moscow did not give the precise date for this new
mission, which, judging from the past, would involve a crew of two Soviet
cosmonauts. Vladimir Shatalov, director of cosmonaut training, had announced
to the American press that the USSR will not resume manned flights until
next year! According to Shatalov, the USSR will continue the joint Soviet-
Intercosmos missions in 1980 with successive flights of the first cosmo-
nauts from Hungary, Cuba, Vietnam, Mongolia and Romania. These joint
flights will be launched before mid-1982 when the first French astronaut
will be flown on board the Salyut station together with a Soviet cosmonaut.

The USSR Is Preparing a Mission Longer Than 175 Days

Since it was launched on 29 September 1977, the Soviet Salyut—6 orbital
station has already been manned by seven crews (two cosmonauts per érew).
Throughout these missions, the USSR was able to establish new records in
spaceflight endurance of 96, 140 and 175 days, all of which were achieved
successively on board Salyut-6.

The deputy director of the Space Research Institute in Moscow, M. Nefedov,
told us recently that the next Soviet flights will exceed the 175-day world
record just established by Soviet cosmonauts. Nefedov said that the USSR
is preparing to undertake a mission longer than 6 months, but he did not
indicate whether this mission would take place on board the present Salyut—
6 station or on the next station, Salyut-7. The USSR seems to want to
increase progressively the length of their manned missions, the limits of
which have not yet been defined--if, indeed, there are any.
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Man Adapts to Space in One Month

- "The first medical examinations of the 175-day mission crew, Vladimir
Lyakhov and Valeriy Ryumin, showed that the cosmonauts withstood the pro-
longed flight well, in any case, not worse than their predecessors” (even
though they were totally isolated for the 6 months), Academician Oleg
Gazenko, director of the Institute of Biomedical Problems in Moscow, told

- the FRANCE-USSR REVIEW.

"Spaceflight exerts a certain action on the human organism which modifies its
physiological state. These modifications are part of the process of adap-
tation. At the present time we have no serious reason to look upon this as

a major disorder," said Gazenko, who noted that '"the process of adapting

to weightlessness occurs progressively: it consists of several stages.

and the organism's stability is established 1 -1 1/2 months after launch-
ing." Short duration flights are, from this point of view then, a handi-
cap, as the Soviets have confirmed with their Soviet-—East European crews:

the cosmonauts are generally sick for the first 3 days of flight!

"fhe fact that we must facilitate the cosmonauts’ readaptation and that
they have recourse to a variety of prophylactic procedures does not make
it possible for us to study the degree, duration and totality of the adap-
- tation to spaceflight. One can only set forth hypotheses based on the results
of biological experiments," Oleg Gazenko remarked.

The Average Individual Adapts Best

"Thus," he explains, "we are discovering the physiological changes involved
in manned spaceflights as many traits common to all cosmonauts as individual
differences. We know well that relatively perfect adaptation to space
conditions exposes the subject to the common problems upon his return to
earth."”

2 Consequently, one of the main objectives of Soviet biomedical research is
to define the level of adaptation to space conditions which would also make
it possible to forego some of the more difficult readaptations after the
flight. Another, no less important, objective is to determine man's indi-
vidual ability to adapt in space. 'We are studying various means of re-
solving this problem," said Oleg Gazenko, "because it would be interesting
to formulate a theory on biological adaptability and to define man's
"adaptation norm."

Ninety-two Earthlings Have Spent 6 Years in Space

Oleg Gazenko thinks that "with time the role of the gemotype in man's resis-
tance to extreme environment factors will acquire an ever—increasing impor-
tance" and that this question leads to the study of the impact of spaceflight
on man's biological evolution. Gazenko believes that "flights limited to a
few individuals, no matter what their duration, cannot in any way affect

2
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man's biological evolution. But flights of crews representing a rather
large population can lead theoretically to a biological evolution that is
based cn mutations induced by ionizing cosmic radiation." While unforeseen,
these mutations are purely random and do not exhibit some kind of defini-

= tive "space characteristic." As for weightlessness, if it should have an
effect, it will exercise, judging from the past, only a selective influence.

But, notes Gazenko, our conclusions must be prudent because we are still
in the initial phase of man's conquest of space. In 18 years, 92 people

have been in space and half of them have made at least two flights. The
total time in space is approaching 6 years!

COPYRIGHT: AIR ET COSMOS Paris 1979

- [1853/5-P]
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II. LIFE SCIENCES
TATR & COSMOS' COMMENTARY ON SOVIET BIOLOGICAL SATELLITE PROGRAM
Paris AIR ET COSMOS in French No 783, 20 Oct 79 pp 54-55
[Article by Albert Ducrocq: '"The Biosputnik Program']

Text] Since the suspension of the American biological satellite program--
more than 10 years ago (Biosat No 3 returned on 7 July 1969 with the monkey
Bonnie who was dying on board)--the Russians have been the only ones to
use space for biological experiments through their well-known Biosputnik
program.

The Soviets use the term Biosputnik to refer to a modified Vostok, which
they have converted to carry biological specimens.

We are familiar with the design of the space vehicle, which in 1961 made
possible the flight of the first cosmonauts. Yuriy Gagarin's Vostok (4,725
kg) consisted of a service module-—essentially comprised of a cylindrical
retro-rocket surrounded by [fuel] tanks--forming a single unit with a spher-
ical cabin having a diameter of 2.2 meters. This cabin was very strong and
presented the advantage of being able to return at any angle.

People were astonished that the Vostok was not used more. As a matter of fact,
although it was used only om six occasions for manned flights in its original
configuration,it was widely used for automatic flights; a number of Cosmos
reconnaissance vehicles were Vostoks whose cabins had been converted in order
to carry cameras.

The automatic Vostok became more specialized. It brought forth Biosputnik 1
with Cosmos 110 which, on 22 February 1966, carried the two dogs Veterok

and Ugolek into space; for this flight, the Russians had selected a duration
of 22 days, which would practically become the duration for all satellites
in this series; this constraint was determined by the orbit and certain
physical characteristics of Biosputnik which, moreover, was perfected with

a view to its biological role.

Swecialists followed its evolution as the Russians launched in succession

,F}osputnik 2 (Cosmos 368) on 8 October 1970 (in the presence of President
" Gtorges Pompidou), Biosputnik 3 (Gosmos 605) on 31 October 1973, and

4
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Biosputnik 4 (Cosmos 690) on 22 October 1974. At that stage, the Intercosmos
organization was already involved in the program which would subsequently
become largely internationalized. On 26 November 1975, Biosputnik 5 (Cosmos
782) was launched with French, Czechoslovak, and American experiments; the
Soviets had installed a g-force generating centrifuge on this Biosputnik 5.
By putting specimens of the same kind on this centrifuge and elsewhere in
the vehicle, it became possible to draw a dividing line between weightless-
ness and the other factors of ths space environment.

Then Biosputnik 6(Cosmos 936) was launched into space on 3 August 1977.
Every Two Years

This schedule gives us the pace of operation. The Soviets apparently launch
one Biosputnik every 2 years. That is little, one might say. In reality,
the bottleneck is not in the operational phase itself but in the prepara-
tory phases. We must realize that setting up biological experiments is al-
ways an extremely time-consuming activity. It is, as a matter of fact,

a good idea first of all to conduct preliminary research in order to select
the specimens wisely and then, after the details of an experiment have been
decided, to make sure that one will have these biological specimens at the
anticipated date. This 1s why this date 1s always set very far in advance
and the breeding programs are drawn up accordingly. These programs are
rather difficult because, in addition to the flight specimens, it is neces-
sary to have control subjects on the ground, and both of them must be healthy
and representative; this means that the selection must be made from a suf-
ficiently large lot, the specimens in question constituting the nth genera-
tion of a breed. In practice it is not unusual for several hundreds of
subjects to be bred for a dozen to be flown.

A criticism frequently addressed to the blological research programs concerns
their disorderly character. For many specialists, blosats are catch-all
satellites where everybody wants to put his own experiment without consider-
ing that all of the experiments on board the satellite should conform to a
precise plan--much less that all of the experiments conducted throughout

the entire biosat program should be related.

This is what the situation is now. But does this mean that this criticism
is justified? One must realize that biological research is still in its
infancy today. We know too little about the cell and the organism to allow
ourselves to impose a research plan; it would be very presumptuous to order
in ailvance that one experiment is to be considerably more profitable than
another one.

The truth is that the experiments are designed not so much to be part of a

plan but rather to benefit from the means offered by a particular species

to cast light upon a specific question. In other words, we are now in the

speculation stage. Only after that will real programs be drawn up in the

light of the knowledge obtained, the moment analysis of the result points to
- a particular line of research. :
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One must, however, ask oneself whether specialists today are not just about
to discover that line. The contribution of the last biosat as a matter of
fact could be decisive if the results measure up to the expectationms.

Biosputnik 7

Biosputnik 7 was launched on 25 September under the designation Cosmos 1129.
The satellite was recovered on 14 October (see page 50 [of original]). One
can say that rarely have scientific results been anticipated with such im-
patience.

The new Biosputnik--whose structure seems to be the same as that of the

two preceding satellites in the series--is in effect important not only by
virtue of the number of experiments it is carrying (no less than 13 Ameri-
can experiments, in addition to Soviet, Czechoslovak, and French experi-
ments). Certain of these experiments are quite remarkable, and through
them it may be determined that scientists are now beginning to answer ques-
tions which they have been asking since the start of the space age.

In particular, it is known that Biosputnik 7 carried one of the American
experiments which consisted in modifying the cylinders containing rats so
as to permit copulation between a male and a female. The two animals were
placed in two contiguous cylinders and the connecting door was opened on
the day after orbital insertion.

If there is no copulation, specialists will nof: falil to look for the reason.
And if the female rat is carrying offspring, It will be said. that this is of
major importance because we will have for the first time the formation and
development in space of a mammal embryo during the most critical phase of
gestation (the latter lasting something like 35 days in the rat), the

period of time when, in the eyes of specialists, the space environment
would have the most chance of manifesting itself.

Certain specialists expect to register dévelopment anomalies in the light of
the Biobloc experiments, which have been pursued thanks to Biosputnik 7.

Artemia Salina

With regards to these Biobloc experiments, there has been much talk since

- 1972 about artemia salina. It is perhaps not superfluous to recall that
this is a real organism since artemia salina is a multicellular organism
of the arthropod branch; we must realize of course that the articulated body
of this crustacean (having a calcareous chitin instead of a skin) is ex-
tended through the members. The name artemia, which is characteristic of the
genus, was given to it because of its leafshaped natatory appendix; the
adjective "salina'" was added to indicate that this is a species that lives
in salt marshes.

It is, therefore, a perfected organism which appeared rather late in the
history of evolution, during a period of the Tertiary age called Oligocene,

6
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- going back about 60 million years. Not only does artemia salina have a
digestive system, a circulatory system and a respiratory system, but the
animal is also capable of orienting itself. Ordinarily, it swims on its
back and presents its belly to the light; but it suffices to place a lamp
at the bottom of the tank to get the animal to swim on its belly.

This evolved organism has the characteristics of very easily "putting itself
on ice," as it were, and it presents us with a whole range of cases from
simple biological slowdown all the way to the pure and simple suspension of
activity. .

It must in any case be emphasized. When officials in charge of space ex-
periments say that they are putting the eggs of artemia salina on a satellite,
one must realize that each egg represents not one cell but a collection of
several thousands of cells in the process of differentiation which will give
rise to baby shrimp with specific shapes, organs, and behavior.

High Relative Biological Effectiveness

During the Biobloc 1 and Biobloc 2 missions--launched, respectively, on
board Apollo 16 and Apollo 17--the behavior of the eggs of artemia salina,
as we know, turned out to be a total surprise.

It was calculated in effect that these eggs would be subjected to a radiation
dose which would only represent a fraction of a rad, a dose very much below
the threshold considered dangerous. Thus, the difference could not have been
considerable between the specimens left on the ground and the specimens sent
out into space. Now, that difference turned out to be enormous. In the

. specimens that traveled in the Apollo rockets, there was something of a
slaughter, as we know: about 10 percent of the eggs were "killed" by cosmic
radiation and, besides, a large number of victims was discovered among the
eggs that were not touched directly but that were hit by secondary radiation.

Such consideration seemed to justify that the parameter to take into consider-

- ation in estimating the biological harmfulness of radiation--even more so
than the radiation dose--would have to be the RBE, or the '"relative biolog-
ical effectiveness,"” since that parameter in some way measures the coeffi-
cient of damage amplification when radiation consists of a rain of atomic
nuclei. Traditionally, biologists believe that the RBE would exceed 10 in

a the case of fast protons--we realize, of course, that the quantity of fast
protons physically exerting the effects of a radiation of 1 rad would bio-
logically have the effectiveness of a radiation of 10 rads--and that the RBE
could attain a figure of several score if we assume that we have heavy nuclei
involved.

The Biobloc 1 and Biobloc 2 experiments taught us that these coefficients
had not been overestimated. According to certain specialists, the RBE,
in certain cases, might even assume values on the order of 100 or more.
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This is in accordance with the assumption that the destruction of eggs re-
corded in the first Biobloc experiments was actually caused by cosmic rad-
iation—-something which is not at all certain in view of the handling re-
quirements. Biologists were in effect forced to immobilize the eggs by
inserting them into plastic matter which gave them a particularly unfavor-
able environment and this fixation may have made those samples fragile.

Drawing the Dividing Line

It is necessary for this reason to pursue the program and to establish new
formulas which would make it possible to accomplish the proper separationm.

Naturally, the Biobloc operations are on the list of experiments which the
French suggested to the Soviets and which the latter accepted.

One Biobloc 3 was completed by the GRBS (Space Biology Research Group) at
Toulouse and was entrusted to the Russians. The idea was to ask the cosmo-
nauts to secure this Biobloc on the outside wall of a Salyut station during
an EVA so that it would have been totally exposed to the space environment.
But this experiment could not take place. A Biobloc 4 was thus prepared for
Biosputnik 7.

Biobloc 4 was characterized by two innmovationms:

1.) Recourse to a flexible set of screens to attenuate the action of cosmic
rays in a section of the apparatus. Thus, Biobloc 4 was comprised of a sec-
tion of almost total exposure to space conditions, a section with semi-
protection, and a section with extensive protection. The idea obviously was
to find out whether we would register, compared to the earlier Biobloc
experiments, a reduction in lesions reflecting the protection which the eggs
got during the flight.

2.) The placement of tobacco grains in the rocket, along with these artemia
salina eggs so that one might compare the effects of cosmic radiation on two
very different biological specimens.

- The specialists believe that, in light of the results obtained with Biobloc
4, it should be possible at last to delineate very precisely the effect of
the heavy nuclei of cosmic radiation upon ~rtemia salina whereas the American
experiment will have viewed the probiem in a different light. That would
certainly be a decisive contribution to the understanding of the role of
radiation the effects of which seem to be very different from what we had
imagined several years ago; that is to say, under normal circumstances,

the effects are evidently less than we had thought, whereas under critical
circumstances, they would be much greater.

COPYRIGHT: AIR ET COSMOS Paris 1979
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UDC: 613.693

PROBLEMS OF SPACE BIOLOGY, VOL 38: PHYSIOLOGICAL AND HYGIENIC ASPECTS
OF THE EFFECTS OF HIGH AND LOW TEMPERATURES

Moscow PROBLEMY KOSMICHESKOY BIOLOGII (Problems of Space Biology), Vol 38
"Fiziologo-gigiyenicheskiye aspekty deystviya vysokikh i nizkikh
temperatur" (Physiological and Hygienic Aspects of High and Low Tempera-
tures) in Russian 1979 signed to press 18 May 79 pp 4, 261

[Annotation and table of contents from book by Aleksandr Nikolayevich Azhayev,
Izdatel'stvo Nauka, 1100 copies, 264 pages]

[Text] This monograph deals with the effects of high and low temperatures
on animals and man. The author discusses the effects of convection, radia-
tion and conduction heat and cold on heat and fluid-electrolyte metabolism,
the cardiovascular and respiratory systems. Considerable space is devoted
in this book to physiological and hygienic substantiation of personal
protection against high and low temperatures. New views are voiced on
methods of studying heat content of the body and classification of thermal
states of man, as well as principles involved in designing heat-regulating
systems.

This book is intended for specialists in space bilology and mediciue.

There are 61 tables and 57 illustrations; bibliography is listed on 37 pages.

Contents Page
i Introduction 5
Chapter 1., Modern Methods of Studying the Thermal State of Man 7
Chapter 2, Effects of High Ambient Temperatures on Man 22
Heat exchange in man 28
The cardiovascular system 43
The respiratory system 57
Fluid~electrolyte metabolism in man 73
Stages of overheating of the body 87
Range of endurance of high ambient temperatures 92

Combined effect on man's thermal state of high temperature and
certain other environmental factors 104

9

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040024-9



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040024-9

FOR OFFICIAL USE ONLY

Page

Chapter 3. Effect of Infrared Lighton Man's Thermal State 110
Chapter 4. Protection Against High Ambient Temperatures 132
Chapter 5. Effect of Low Ambient Temperatures on Man 151
Convection cooling 151
Conduction cooling 167
Chapter 6. Protection Against Low Ambient Temperatures 176
Chapter 7. Classification of Thermal States of Man 204
Conclusion 221
Bibliography 223

[78-10,657]

COPYRIGHT: Izdatel'stvo "Nauka," 1979

10,657
CSO: 1866
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IITI, SPACE ENGINEERING
UDC 522,1:523.14
STABILIZING LARGE SPACE STRUCTURES
Moscow KOSMICHESKIYE ISSLEDOVANIYA in Russian Vol 17 Issue 4, 1979 pp 547-558
[Article by V. I. Buyakas, 'Stabilizing the Shape of an Extendable Surface']

[Text] The problem of stabilizing the shape of an RF-
reflective surface of a large space radiotelescope is
analyzed.

The use of a sectional spherical mirror in the construction of an indefinitely
extendable space antenna was proposed (Ref. 1). Operational ability would be
maintained during each intermediate phase of extension by using large, sin-
gle-type hexagonal modules on which the RF-reflective panels would be located.
The required shape for the RF-reflective surface would be maintained by two
systems of automated control. The first of these would control the attitude
of the panels relative to the frames of the modules. The present work is
devoted to studying the second system, which would control the attitude of the
modules relative to each other. It is this system that will be referred to
below as the automatic surface shape control system.

The automatic surface shape control system, which includes measuring devices
for monitoring the position of three reference points on each module as well
as the actuating mechanisms and the system to be regulated, has to provide
for stabilizing the reference points on the prescribed surface. Our task
consists of choosing (1) the system to be regulated and (2) the control laws
that will assure asymptotic stability of the closed system.

General Requirements for the System To Be Regulated

The problem of defining the system to be regulated consists of choosing links
between modules that will impart the following properties to the structure.

1. Some of the links have to be maneuverable and equipped with actuating
mechanisms for changing the relative position of the modules.

2. Assembly of the structure and translation of modules from one position

to another by using actuating mechanisms must not lead to additional (steady
state) elastic strains in the modules.

11
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3. TFor a fixed state of the maneuverable links, the structure must behave
like a rigid body (must have six degrees of freedom), with modules and links
considered rigid bodies. '

4. As the structure has to allow for indefinite extension, the attachment
of a new module should entail minimum rebuilding in links constructed ear-
1ier. TFor the structure proposed below, the addition of a single element is
accompanied by the rebuilding of links between, at most, 2 or 3 modules to
which the module to be attached is fastened.

5. The system to be regulated must be maneuverable. Let the three reference
points of some module be fixed by external forces in the required attitude on
the surface of stabilization. Then, for arbitrarily small errors in manufac-
ture and assembly, residual strains, and so forth, an arrangement of control-
lable links must exist so that all remaining reference points lie on the sur-
face of stabilization.

It is not obvious, a priori, that such an arrangement of modules is possible.
Structural Properties

let n be the number of modules in the structure, p the number of maneuverable
links, r the number of ponmaneuverable links, and g = 3n the number of refer-

ence points. Then, in order to satisfy the enumerated requirements, it is
necessary to satisfy the following conditions:

p+r=26(n-1) ¢))
px2g-3=3(n-1) (2)
r<3(n-1). ‘ (3)

- Proof
Let us introduce a Cartesian system of coordinates and let vector
i

z‘>‘=($x"‘1zz 'x;.. )1 i=11 21"'1 n; s=i"2’3'

determine the location of the s-th reference point in the i-th module, and
let the vector

(0 2 18 i, 1 2 o4 1 s
X = (2, 22, 2", .. 2 a2 ) = (2 2 T ey T )

determine the location of all reference points of the structure.

The requirement that the reference points belong to modules places restric-
tions on the vector X, which we will call internal links:

fl X) = bl’ (4)

12
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where .
I‘=(fl("7"'1i!“‘!"',f:")y bi=(b:'l1-~'1bi“!"‘yb:")r S=1,2,3;

i=1,2,...,n,

fit=lzt =g, £, =zt =zt £ =Nzt -2, b >0,

(5)

Also, modules are connected among themselves by external noamaneuverable and
maneuverable links

£,(0)

£500)

by, (6)

bj. )

Here f; and b, are r vectors and f3 and by are p vectors. For maneuverable
links (Equation 7), the value of the link parameter b3 can be changed by
actuating mechanisms. An example of a maneuverable link is a rod, whose
length can be regulated, connecting two modules.
Let the length of the maneuverable links be fired. In order for the struc-
ture to behave like a rigid body in this case nd not to be statically over-
determined, it is necessary (Ref. 2) to satisfy the condition
p+r=6(m-1).
We will show that
p23(n-1).
If we assume that p < 3(n - 1), then it follows from Equation 1 that
r> 3(n - 1). (8)
Let us assume that three reference points of some module, for example, the
first one, have been fixed on the stabilization surface and that its internal

- links are not being disturbed. We will now consider such disturbances of
the remaining nonmaneuverable links, which can be written in the form

fl,z(X) = bl,2 + 6by 2, 9)

- where

= a0, Fom G B2 1 15 10,
b"’ =(5h bz), 5‘= (bl’.‘Y cvey bl".v ey r.'.).

13
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The equations for the disturbed links (Equation 9) include errors in produc-
ing the rods, misalignment of joints, displacement of reference points on
the module surface, and sc forth. We will limit ourselves to small disturb-
ances, for which 61’1,2 is an arbitrarily small (r + 3(n - 1)) vector.

Let us assume that the maneuverable 1inks are freed and that, in the state
X = X(*), the remaining 3(n - 1) reference points of the disturbed system
(Equation 9) lie on the stabilization surface, given by ¢(x) = 0. Fom each
reference point in the neighborhood of the state being considered, let

") =0; i=2,...,n;5=1,2,3

be solvable for one of the variables. Let us designate the set of these
variables, which form the 3(n - 1) vector, by X;. By Xy we will mean a
6(n - 1) vector formed by the remaining components of the vector X, X(*) =
(X1 (*), Xp(*)). Then

X = ¢71(Xy). (20)

We will assume that the functions o-1 and f1,2 are continuous and of class
C1. Substituting Equation 10 in Equation 9, we get the image

gré(n - 1) , gr +3(a-1)
of class Cq:
£1,2(871(X), X)= byp + 8b1. (11)
In order to satisfy requirement 5, it is necessary that for an arbitrarily
small Gblz in R6(n = 1) 4n the neighborhood Xy = Xg (%) there exist an inverse
image, which is assured only in the case (Ref. 3) when
6(n-1) 2+ 3(n~1).
From this we get
3ma-1) 21,
- which contradicts Equation 8. Therefore,
p 23(n-1).
We will consider systems with a minimum number of mrneuverable links.

For this, it follows from Equations 1 and 2 that

p=3n-3 (12)
r=3n- 3. (13)
14
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Let us assume that each maneuverable link is equipped with an actuating
mechanism that regulates the shape of the surface, and the structure also
contains six actuating mechanisms that regulate the translation and orien-
tation of the structure as a whole. Then the total number of actuating
mechanisms in the system is given by

m=p+6=3n+ 3. (14)
Choice of Systems To Be Regulated

The conditions of Equations 12 and 13 are satisfied by the structure shown
in Figure 1, where the nonmaneuverable links are formed by rods of fixed
length which are connected to the modules by universal spherical joints
while the maneuverable links are formed by rods whose length can be changed
by the actuating mechanisms. If the modules do not lie in a single plane,
the structure allows a change in relative position of the modules, i. e.,
regulating the position of the reference points. Let us note that the links
among all modules, other than the ones on the edge, are the same type.

LA
=)

Figure 1. Structure That Is Controlled by Varying the Length of the Tie Rods
Key:

1. Maneuverable links
2. Nonmaneuverable links

15
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It can easily be proved that the structure allows indefinite extension while

satisfying the conditions of Equations 12 and 13 at each step. During the

addition of a current module, an attendant rebuilding occurs of links between
the (adjacent) modules to which the new element is connected.

A second structure, which satisfies conditions of Equations 12 and 13 and
which we will consider below, can be obtained by extending according to the
following rule:

1. The initial structure consists of three interconnected modules, as shown
in Figure 2;

2. Each newly connected element is attached to 2 or 3 modules previously
included in the structure with a rebuilding of links between them (Figure 3);

3. In order to simplify the study, structures with partial coverage (Figure
4) will be excluded from consideration.

Modules are connected by rods that are fastened to them by joints of one of
three types (Figure 3): (1) Cylindrical joints whose axes of rotation are
orthogonal to the plane of the module, (2) Cylindrical joints whose axes of
rotation are parallel to the edge of the module, and (3) Universal spherical
joints; points 1, 2, and 3 on each module are the reference points.

An actuating mechanism is associated with each type 1 joint, which makes it
possible to change the angle between the axis of the joint and the tie rod.

The actuating mechanism for type 2 joints (suck joints occur only along the
edge in Figure 3) makes it possible to place the tie rods in torsion. Type
3 spherical joints are not controlled. A possible method for implementing

a controlled link using a type 1 joint is shown in Figure 5. Here actuating
mechanism IV changes the length of the rod joining points I and II.

Figure 2. Initial Structure
Key:
1, 2, 3. Reference points
4, Cylindrical joints with axes of rotation orthogonal to the plane
of a module

5. Cylindrical joints with axes of rotation parallel to the edge of
a module

16
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Figure 3. Extension of the Structure
Key:

1. Cylindrical joints
2. Spherical joints
3. Links that are changed during extension

Figure 4. Structure With Partial Coverage

17
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Figure 5. Possible Technique for Achieving Maneuverable Linkage. Spherical
joints are located at points I, II, and III. The actuating mechan-
_ mechanism 1s located at point IV

In this fashion, all links other than the ones on the edge are of the same
type. In making extensions, the links between 2 or 3 modules that become
internal ones have to be rebuilt.

Conditions that are stated as Equationms 12 and 13 and are satisfied in the
structure being considered only represent the necessary conditions for sat-
isfying the requirements enumerated above. We will further limit ourselves
to the case where the stabilization surface is a plane and we will show that
the requirements are indeed satisfied. If we take for granted the properties
to be proved below, these requirements are also satisfied by any surface
close to a plane and, in particular, by spheres of sufficiently large diam-
eter.

System With Fixed Maneuverable Links
We will show that for fixed maneuverable links, the structure behaves like a
rigid body (it has six degrees of freedom), if modules and rods are consid-

ered rigid and joints are considered ideal.

Let us consider the link equations (both internal and external) for a fixed
position of one of the modules, for example, of the first one:

f(X)=b; z"*=const; s=1, 2, 3, . (15)

where £ = (f5, £, £3), b = b1, by, b3, dim £ = 3 * 3(n - 1) and the system

of
A IX=0: dz'=0, s=1,2,3.
7% | oor s dzte=0, s=1, 4 (16)

It is sufficient to show that the system of Equation 16 has only a trivial
solution for dX, in which case the rank of the matrix of coefficients of the
system (Equation 16) equals 9n

18
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af
rank I—G—X— =3'3'(n-1)- )

XmX(*)

In the neighborhood of the state X = X(*), the system of Equation 15 can be
solved for X as follows,

X = X(b),

and the position of the structure is uniquely determined by the position of
the fixed module, i. e., the system behaves like a rigid body.

This also makes possible regulation without elastic deformations (require-
ment 2), because for an arbitrary value of the link parameters (vector b) in
the neighborhood of X = X(*), the link equations uniquely determine the
relative positions of the modules.

Equations 15 and 16 are cumbersome. Relative displacement of the modules is
more conveniently described by the rotation angles of the joints. Let us
introduce the vector A into our consideration, whose coordinates are the
angles of the joints of the structure; its dimension depends on the number
of modules. To each cylindrical joint, there corresponds one coordinate oy
of vector A; to each spherical joint there correspond three coordinates.
Since the structure consists of kinematically closed loops, relatiomships
exist among the coordinates of vector A. In fixing the position of ome of
the modules, the vector dA uniquely determines the vector dX, and it is only
necessary to show that dA = 0 for an arbitrary number of modules.

The proof will be carried out by using induction, for 4 system of
three modules initially and then for an arbitrary number of modules.

Let us consider a structure consisting of three modules (Figure 6). Ve

Figure 6. Structure Consisting of Three Modules. The x3 axis is orthogonal
to the plane of the first module

19
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introduce a Cartesian system of coordinates with its origin at the first mod-
ule. Let vector x1 determine the position of the i-th point and the vector
ol the direction of the axis of the i-th joint, Sk = (x5 - xK), and ol the
angle of the i-th joint. Then

dr=[o, rde+o% Pldet, - a8)
do*=[0', 0’)da'+[0? o']da’, (19)
de*=[e*, P4lda*+[ef, P*lde*+let, r*4]da, (20)
de'=[o, 0’lda‘+lo?, @’ldatt{e’, 0*lda. (21)

At the cylindrical joint at location 3, the expressions for dx3 and dw3 have
to coincide. After appropriate calculations and combining Equations 18
through 21, we find - - - -
B ==L (l‘+—1l,)da‘= (l,+.—1—l.)da'.
2 .2 ! 2 . 2

1 o1 1 1
—E-I,da’=l, da‘+7(l.+l,)da'1 .da‘=—-2—da'l—,?d¢'. (22)

3, 15,
| 0 3 da'+ 2.da, |
where 1y is the 1ength of the module edge, 1; 1s the length of the tie rod.
For the condition 1y # 0, 1, # 0, the system of Equation 22 has only a triv-
ial solution, and from Equations 15 and 1o it follows that for n = 3, the
structure behaves like a rigid body.

Let a system consisting of n modules behave like a rigid body. We will show
that a structure consisting of (n + 1) elements has the same property. Two
types of extension are possible: The new element is joined either to 2 or
to 3 elements previously included in the structure.

For the first case the (n + 1)-th module is attached to the (n - 1)-th and

to the n-th modules (Figure 7). The process of extension is accompanied by
the replacement of the cylindrical joint at point 2 by a spherical one,

which is equivalent to’introduﬁing at this location two additional cylindrical
joints whose  axes w2' and w2 are along axes xj and x3 in accordance with
Reference 4, and-the addition of new links between (n + 1)-th module and the
(n - 1)-th and n-th modules.

if ol is the angle that determines the attitude of the i-th joint ang az'

and a2 are the angles in the joints whose axes are along w?' and w® , then
the effect of the structure on the (n - 1)-th and n-th modules is such that

20
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1
L
3
|
L

Figure 7. Extending the Structure. The xXq axis 1s orthogonal to the plane
of the (n - 1)-th module. A is the remaining part of the struc-
ture

1.0, de? =o0.

Then, :Ln a system consisting of (n + 1) modules, the change in angles a2

and a2" will lead to a change in vectors x” and w3 such that

* dtm[o¥, PAlda+ 0¥, PAlda,
do’=[0Y, 0*]lda*'+[0", 0']da".

(23)

On the other hand
dz*=[a*, P4]da‘+ [0}, rP*ldat+( @, r**]dat,
‘ ‘ (24)
do’=|0* o']lde'+{e0® 0'lde’+[e®, 0®lda’.
By equating Equations 23 and 24, we obtain the following system

13, 13 1. . 1
gl == e, —Z-z.da"'—(t,wa?z,)da'.

1 1
_-?ltda" =1 da‘+-—(lx+lz)da , 0 = "Td“ "E'da )

M@~EM+HM

We can easily convince ourselves that when 1 # 415, the system has only a
trivial solution. Therefore, if this‘condition is satisfied then the

(n - 1)-th, n-th, apd (n ;"1)-th modules are rigidly connected among them-
selves. But if da? = da » then according to the assumption, the structure
of n modules is a rigid body, 1. e., the (n - 1)-th and the n-th modules are
immobile with respect to the rest of the structure and, therefore, the
entire system of (n + 1) elements will behave 1ike a rigid body.

21
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It can be shown analogously that joining the (n + 1)-th module to three mod-
ules previously included in the structure yields a system that behaves like
a rigid body.

Maneuverability of the Structure

The system has to be designed in such a fashion that for arbitrarily small
disturbances in the links brought on by errors in manufacture and assembly,
strain, and so forth, there.exists such an arrangement of maneuverable links
that all reference points will lie on the surface of stabilization (require-
ment 5). A system that has this property will be called a maneuverable sys-
tem. We will show that the structure considered, when its surface of sta-
bilization is a plane, forms a maneuverable system.

Tt was shown earlier with the attitude of one of the modules given and with
maneuverable links fixed, the state of the structure is uniquely determined,
i. e.,

p =p(B), (25)

where the coordinate p of the vector p = (pl,..., Pisees p%n _ 3) determines
the displacement along the normal direction of the i-th reference point from
the stabilization surface, and the coordinate B; of the vector B = (Byseess
Biseees B3pn -~ 3) determines the position of the i-th Maneuverable link.

Equation 25 describes the displacement of the reference points when all non-
maneuverable eiements of the structure have been manufactured precisely.

For disturbances of links, which were considered small, random, and known,
Equation 25 takes the form .

P =7p(8).
Let the functioms p(B) and p(B) be continuous and

| dp P
rank I-Fp- o 3(n—1). (26)

Here B = B(*), that is, the value of the maneuvered links for which p = 0.
Then, taking the condition in Equation 26 for granted, for sufficiently small
disturbances of the links

ap

By 30

rank '

there exists in the neighborhood of 8 = B(*) a reciprocally single-valued
correspondence between p and B for which p = 0.

22

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040024-9



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040024-9

FOR OFFICTAL USE ONLY

Thus, Equation 26 is a sufficient condition for maneuverability. We will
now consider the case when the stabilization surface is a plane. Let us
introduce a Cartesian system of coordinates and arrange the structure in
the plane x3 = 0, as shown in Figure 8. Points labeled 1, 2, and 3 in the

. A=

Figure 8.

modules are the reference points. The condition of Equation 26 in the case
being considered here has the form

]
rank I—"-l =3(n—1), @7
op B=b()

where the coordinates of vector y are ordered by the three indices

Yi,i,8 = x%’j’s, s =1,2,3.

The controllable links of the structure have the following form. In joints
of type 1 (cylindrical joints arranyed orthogonally to the surface of the
module)

(n*4, (24 5V —z" 0 1)) =), cos B 44,
("4, (xa-i, 42—l 4, 2) ) =], cos B 12, (28)
(n*4, (2% 43" —z4 1. 3) ) =], cos p* 4. 3,

Here Bi’J’S (s =1, 2, 3) are controlled angles, nlsd is the unit vector of
the normal to the 1i,j-th module, which is written as:

23
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pt= i [ (zi,;.s_zu,l)’ (ztHt—zt) 1,
S

where 313 .
= — lg'.

2

The equations for the maneuverable links located along the edge in type 2
joints (twisting) have the form

(ni—l, j' (xi_ o3 gid, z) ) =V§lz cos p-‘. I 1"
(ni+t i+, (Ii-, B_gi4,9)) =Y_3l.' cos B4 ¥, (29)
(n® i+ ("5 2—g" 1)) =¥31, cos pha .

For infinitesimally small changes dB in the controlled angles, there arise
infinitesimally small displacements dx of the reference points. If we limit
ourselves to considering displacements in the neighborhood of the state

B = B(*) when all reference points lie on the surface x5 = 0, then, from
Equations 28 and 29 and by making appropriate computations, we obtain

l—i (k Q2dzs *—dz,' " —dzy Y + (dz, H'mdz, ) ) =B,

1

li (k2™ —dzi™ —dz®' )+ (day™* —dzs ™)) =dp,
: . .

-:— (k(2dz —da* —dzl™ )+ (dzy ™ —dzg ™)) =dp'?,
. . 30

1 12 1.4.3 i-1,4.2 i~1,4.3 i ¢

7§—k((dz, —dz Y= (det M —day T )) =dptar

v‘;p'( (dzi** —dot™ )= (dzst " —da ) ) =dpa,

vgi‘,, ((dzs*'—dz, ") — (@2, —da, ™) ) =¥,

where
.2 . : .
dI,‘J“ =? (dx:.l,l +dz;-i. )_ _;_dx:.),l s P
a2 149 141 1 143
dz, = —3‘(d33 +dz, ) - ?d\t, .

. 2 . .
d* = 2 (el i ) - et
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If the position of one of the modules, for example, the m,t-th one is fixed,
then it is necessary to assume the following in the system of Equations 30:

dxg™®f = 0; x =1, 2, 3.

The coefficients of the system of Equat:ion 30 then form the matrix
9
o

Baafi(s)
and it is necessary to prove Equation 27 for an arbitrary n.

In the section, System With Fixed Maneuverable Links, it was shown that in
the system of Equations 16 of

rank X

~3.3(n—1).
x-X(o) N

We can check that Equations 30 form a subsystem of the system of Equation 16
if we set dB = 0 and assume that the m,t-th module is the first one. Since
the total number of equations in the system of Equations 16 equals 9n, then
the conditions of Equation 17 are satisfied only when the rank of the matrix
of coefficients for an arbitrarily selected subsystem consisting of p equa-
tions equals p. Therefore, the rank of the matrix of coefficients for the
subsystem of Equation 30 equals 3(n - 1), the conditions of Equation 27 are
. satisfied, and the system is controllable.

Choosing Control Laws To Assure Asymptotic Stability of the Closed System

It was shown above that, as designed, the system to be regulated is maneuver-
able and all reference points lie on the stabilized surface (for surfaces
close to a plane). For the case of arbitrarily small deviations of the ref-
erence points from the required position there exists for the controllable
links a state for which the control error becomes zero. It might turn out
that this produces-a simple means of regulation: To measure the deviation

of the control points, then to compute the necessary attitude and have the
control system execute the commands.

However, such a method of control is not possible. The translations of the
reference points are controlled with great precision, whereas displacements
of links are either not measured at all or are measured with substantially
lower precisinn. For this reason, the calculation of the necessary displace-
ment of maneuverable links as a function of regulation error can be realized
only for an ideal model (link equations without accounting for strain and

- inaccuracies of manufacture and assembly), and not for real structures., Fix-
ing maneuverable links in the calculation situation does not remove the error
of regulation. In connection with this, an iterative regulation procedure is
proposed.

Let us consider the equation

£(p) = ¢(8), (31)
25
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which defines the displacement along the normal p of the reference points
from the stabilization surface when the position of one of the modules on
this surface 1s fixed and the position B of the maneuvered link is given.
We will designate by B(q) the state of the maneuverable links during the
q-th cycle and by p(q) the corresponding displacement of the reference
points. The equation for the linear approximation for the system of Equa-
tion 31 has the form

Bo@ = 55| _ot0) = Fe |y, B @ = |y, XO@BEN=CORD.

Let the matrix B be nonsingular and the selected linear control law

68(q) = Dp(q - 1) (32)

then

p(q) = BLcDp(q - 1). (33)
It is known (Ref. 5) that the system of Equation 31 with the controllers
of Equation 32 is asymptotically stable (locally) with respect to the equi-
1ibrium state, if the system of Equation 33 is asymptotically stable, and
the problem of stabilization consists of chogsing a matrix D in such a
fashion that the eigenvalue of the matrix B~1CD satisfies the condition

(2] < 1.

We will indicate one class of control laws that insure asymptotic stability
for the system considered in the neighborhood of a plane.

Let B be the nonsingular matrix and assume that such a choice of matrix D is
possible so that

B = K'CD.
Then, from Equation 33, it follows that
p(q) = K'p(q - 1), (34)
and for |K‘| < 1 the asymptotic stability of the system is assured.

It was shown earlier that for the case being considered the matrix B is non-
singular and 3¢/98 is diagonal in form. Then it follows from Equation 30
that by choosing the following control laws

26
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6’;3""‘(q+1)=k’—li-i(k(29u..(q) —pu12(q) —puss(g)) +
+ (pt.,l.l (Q) —p‘j"’"' (Q) ) ) ’

84 )= - (E2puss (@) =puaa (@) —pun @)+
+(p142(g) =pi-142'(9))),

6Bt (g +1)= &' —:— (£ (2055(9) = P15 (9) — prsal@)) +
(e (@) = Prsrer (@))),

8pt (g +1) =k 7%-3‘ ((Pu‘.z(Q) = P14.3(q)) = (Pi-15a(q) — Pei-145(q))) -

1 .
ta2 =k ((P1s3(q) ~ Pesa(g))—
8 (g +1) l’ﬁ((p; (9) P.:.(q))
—(Pt+s.1+l.a(9).— Pt+a.5+«.t (q)))» .

65‘-’-’;(q +1)=Fk —l—:;—_a': ((P.u.l(Q)'_ pisa(g)) -(pid*!.i (Q)"" p(:l-l,i (q) ),

where Pi,j,s is the displacement along the normal of the s-th reference point
of the i,g-th module, the system equations are put into the form of Equation
34 and with |k'| < 1 the asymptotic stability for the regulation procedure is
guaranteed. We can thus take it for granted that a structure will possess
asymptotic stability if it differs only slightly from the ideal through inac-
curacies in manufacture and strain.

- Conclusion
The following results have been obtained in this work.
1. The feasibility was shown for building an extendable, maneuverable modu-
lar structure so that the shape of the RF-reflective surface can be regulated

without elastic strain in the elements.

2. An iterative process 1s proposed for driving the reference polnts to the
stabllization surface.

3. A class of control laws is shown that provide local stability for the

reference points of modules for a structure with a sufficiently long focal
length.
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'AIR & COSMOS' COMMENTARY ON FUTURE SOVIET SPACE PROJECTS
Paris AIR ET COSMOS in French No 780, 27 Sep 79 pp 38-39
[Article by Albert Ducrocq: "The Major Soviet Projects"]

[Text] This morning the Soviets celebrated the second anniversary of Salyut-
6. A Proton rocket, launched at Baykonur at 0700, placed the station in
orbit on 29 September 1977.

We must stress the engineering success represented by keeping Salyut-6 in a
condition of habitability for 2 years. The success is all the more remark~
able since in the beginning the operation looked rather in bad shape with
the error of Soyuz~25 which led to fears of a deterioration of the station's
forward docking port. If that had been the case, the Russians would have had
to be content with using Salyut-6 in the manner of their earlier stationms,
in other words, like a Salyut with a single docking unit. It would have

- been impossible for them to carry out the program which permitted intensive
exploitation of the station, essentially because the 13 tons of payload
which, over a period of 2 years, were brought into Salyut-6 by Progress
vehicles docked to the aft section of the station while the Soyuz mainten-
ance crew was moored to the forward section.

Thanks to this configuration, the Soviets were able to resupply their station
with fuel and at the same time send up equipment to replace that considered
essential. As far as secondary equipment units, the Soviets were content
with following their evolution, noting with satisfaction that some of those
units performed rather well: the on-board clock, guaranteed for 100 days,
was still working perfectly six times as long. :

This, as we know, was one of the objectives: in preparation for their fu-
ture permanent station, the Russians wanted to gather the necessary data

in order to perfect "lasting" instruments. And from that viewpoint, Salyut-6
was supposed to have been a test platform of inestimable value. One may
speak of a jump in equipment longevity which is at least as important as the
one recorded in the duration of the flight, which itself created quite a
sensation.
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From this viewpoint, Soviet doctors have every reason to be satisfied.
Lyakhov and Ryumin underwent thelr first examination at the very place where
they arrived, 30 minutes after landing. The Soviet doctors found the cosmo-
nauts to be euphoric in rather awkwardly assuming the vertical position
although one of them (Lyakhov), experienced vestibular problems. But the
recovery of these two men was much faster than anticipated thanks to the
recovery complex. Just 3 days after their return, they had cleared the
critical threshold of readjustment to earth conditions. Two weeks spent at
Baykonur—-with light calisthenics, massages, rehabilitation, and time in the
swimming pool--sufficed to enable the two men to resume their normal activ-
{ities. This is most extraordinary if we remember the very reserved predic-
tions which were made 2 years ago regarding space flight projects whose
duration exceeded 3 months.

Salyut-6 Still Available

All problems are far from resolved but it is true that man is at once the
transcendent medicine and the most delicate machine there is. We may, how-
ever, say that the specialists are now on the path that should lead to still
longer flights, even if we persist in our judgment made at the beginning of
the year that in order to take a significant step forward, there would have
to be a new Salyut model, considerably improved in technical and medical
terms. This apparently is one of the major tasks that the Russians have to
accomplish before the completion of their Salyut program; using basically
- the same structure, they have to design a new inhabitable module in the

light of the lessons learned over the past several years.

In any case, the exploitation of Salyut-6 should under no circumstances be
considered terminated today. The station has its twe docking units free to
receive, as in the past, a Soyuz at one and a Progress at the other; there
is no reason to think that these units should not be reused by crews that
might come to inspect the station in order to get a precise idea of the aging
of its systems. We would not be astonished by a new and very long mission
rather soon--this time with visits by crews which would include a Hungarian
and then a Cuban--on board this old but solid Salyut-6 station, whose future
technically seems to be more important than its past. Its current altitude
assures it of a lifetime of several years and it is certain that, precisely
in order to observe the performance of their equipment, the Soviets would
leave it in orbit as long as they can.

- Persuaded that, within the framework of the manned flight program, Salyut-6
will be further utilized, observers thus believe today that it may perhaps
be necessary to postpone the operation of Salyut-7 for a rather long time.

It has at any rate been hinted that the differences between Salyut -7 and
Salyut-6 will be quite considerable because Salyut-6 has furnished an enor-
mous volume of data which the Soviets will not fail to take into account as
well as because the time passing between Salyut-6 and Salyut-7 will have been
longer than the entire Salyut program.
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Shatalov and the Moon

The Russians today may well visualize vast Projects beyond these Salyut
missions and they are not going to fail to follow through.

Thus Vladimir Shatalov made a somewhat resonding statement a week ago in
Geneva during a luncheon given by the ITU to which he had been invited as

the guest of honor. The cosmonaut--who is currently director of training
programs in Star City--confirmed that henceforth "the neutralization of the
consequences of a long state of weightlessnesss does not constitute an in—
surmountable problem." The Soviets, as we know, think that the key to suc-
cess in the 175-day flight were the gymnastic exercises of Lyakhov and Ryumin
since these two men worked in the mini-gymnasium for a longer time than their
predecessors and made greater efforts, if only because of the stronger
springs which had been attached .to their sweatsuits. According to Shatalov,
the combined action of physical exercise and electrical stimulation can

keep the muscles in good condition.

Moreover, Shatalov declared that he was "convinced that the duration of
space flights could be prolonged" but the cosmonaut hinted at flights to
the moon and Mars in a perhaps not too distant future.

It has indeed been a long time since the Soviets have talked about the
moon. And we have always been sure that they were thinking about it a lot
in their own way, that is to say, from the perspective of setting up scien-
tific stations on our natural satellite where crews could remain for a long
time.

Missions of this nature undoubtedly could coincide with interplanetary
flights, flights which to a certain extent would be easier than the lunar
missions if one simply required the crews to travel without landing on
another planet.

Kamenskiy and Venus

Shatalov talked to us about Soviet flights to the moon and Mars. Shortly
before that, another possibility was mentioned by Mr Heinz Kamenskiy.

The latter announced to us last year that the Russians could send a couple
into orbit in order to procreate the first baby in space. The director of
the Bochum Observatory today believes that, by virtue of its duration, the
performance of Lyakhov and Ryumin directly prepared for a mission to Venus.

One can certainly imagine a flight from earth to Venus and back (with a pas-
sage at a distance between 400 and 4,000 kilometers from Venus), lasting about
7 months--leaving earth about 2 months before an inferior conjunction of

Venus and resorting to a judicious gravity reaction during the over flight

of the neighboring planet. Such a manned planetary mission would present

the advantage of being extremely spectacular, due to the fact that it would
permit men to travel some 100 million kilometers away to observe a planet;
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at the same time it would be scientifically interesting because a research
program could obviously be carried out during the Venus by-pass.

We agree with this line of thinking: the Russians are undeniably preparing
manned planetary missions, the filight from earth to Venus and back as well
as the flight from earth to Mars and back. These missions will be conducted
as soon as they are materially possible. That, of course, will not be tomor-
row. In spite of the extraordinmary success of Salyut-6 we must note that
during the decade now ending, the Soviet orbital station program has fallen
behind schedule: the accident reported in 1971 during the return of Dob-
rovol'skiy, Patsayev, and Volkov, the need for reconsidering the entire
Salyut program from the viewpoint of occupying the stations by only two men,
the erratic maneuvers of Soyuz ships, the various difficulties encountered
in the perfection of equipment--all these resulted in the postponement by
several years of projects whose rapid implementation one could still visual-
ize in 1971. '

On the contrary, you might say, everything now seems to be going well for
the Russians, This is proven by the way in which they were able to cope
last April with the situation caused by the failure of Soyuz 33.

Of course. But the fact remains that manned planetary missions cannot be
launched on short notice. They appear unthinkable to us over the next
several years even though certain specialists are announcing them.

We must keep the following in mind:

1) Lyakhov and Ryumin were able to remain in space for 175 days (and, as
we said before, we can very easily conceive of a situation in which the
200-day limit might be exceeded by their successors). But throughout their
entire mission, the cosmonauts had the benefit of permanent support from the
ground with the arrival of four automatic vehicles, three Progress vehicles
and one Soyuz. This kind of support will be absolutely inconceivable for

a planetary missiom. There will not be any question of sending a support
vehicle because the laws of mechanics absolutely prohibit this. In other
words, it will be necessary to be sure that from the very beginning the mis-
sion carries everything necessary for the entire duration of flight; this
raises a problem of tonnage and a problem of mission design to the extent
that the vehicle will have to have very long~life equipment and will also
have to be equipped to cope with the unexpected.

2) Although economical, an earth-Venus-earth flight will require the speed
of Salyut to be increased from 7.8 to approximately 12 kilometers per second
and the creation of a supplementary impulse of 4 kilometers per second will
require a volume of fuel representing more than double the mass in flight.

- We might add that a planetary flight with only two men would be difficult
to conceive. A crew of between four and twelve cosmonauts could constitute
a much more respectable base not only in terms of maintenance operations
but also to make sure that the mission will have real sclentific significance.
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The Modular Phase

Let us, therefore, not go from one extreme to the other. As far as we know,
operations of the modular type in Russian cosmonautics will commence in

1983. The Soviets will try to dock two and then three modules of the Salyut
type, and there is nothing to prevent one of these modules from being an
engine block with its own fuel reserve. The important thing is to perfect
the entire technique that will permit the construction of huge stations
assembled section by section, and we can very well conceive that this pro-
gram represents the test bed which will make it possible to perfect the en-
gineering for the vehicles which themselves will be modular and which will be
designed to travel very far away from the earth.

Judging by the time that was necessary to develop the Salyut itself, this
modular program could last, depending upon events, between 5 and 10 years;
in other words, we might expect around 1990 a major trip away from the
earth by crews occupying huge modular vehicles.

In any case, it is probable that the first long-distance flight for a ve-
hicle of this type will be in a solar orbit very close to that of the earth.
To attain such an orbit, it would in effect suffice to achieve a velocity
barely faster than the escape velocity such that, on this solar orbit, the
period of revolution around the sun would be 1 year. Thus, after 1 year, the
station would automatically come back to a position close to earth.

The moment all of the problems involved in permitting a crew to live in space
for 1 year without receiving resupply from earth have been solved, it will
no longer be difficult (it will simply suffice to have power plants genera-
ting 3.2 km/s) to send this crew around the sun on an annual orbit rather
than leaving it as an earth satellite, which would cause the vehicle to
travel several millions of kilometers away. And that already represents a
sensational exploit with the advantage of possible assistance throughout the
mission; it has been shown that in case of emergency, in contrast to the
rendezvous orbit with the planet, an annual orbit would permit these connec-
tions with earth at intervals that are not too long and at acceptable costs.

Events, therefore, could move very fast. These developments—-the grand con-
quest of space--should apparently be expected during the last decade of the
century.

COPYRIGHT: AIR ET COSMOS Paris 1979

[1853/2-5058]
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UDC 629.78.05.001
FUNDAMENTALS OF DESIGNING SPACE SEXTANTS

Moscow OSNOVY PROYEKTIROVANIYA KOSMICHESKIKH SEKSTANTOV (Fundamentals of
Designing Space Sextants) in Russian 1978 signed to press 7 Sep 78 pp 4,
215-216

[Annotation and table of contents from book by A.G. Nikolayev, I.A. Zabe-
lina, N.F. Romanteyev and V.P. Rudakov, Izdatel'stvo "Mashinostroyeniye,"
216 pages]

[Text] Annotation. This book is one of the first publications in the So-
viet literature which gives a comprehensive exposition of the problems
involved in designing visual space sextants for the autonomous navigation

of manned spaceships. The authors examine the physical principles and re-
quirements lying at the basis of the design of astro-measuring devices for
space navigation, methods for selecting the optical, photometric and accuracy
characteristics, the problems involved in their further improvement, and ways
to increase the effectiveness of the use of sextants in manned space vehicles.
The book is based on the results of research and the experience of the joint
work of the authors in the design and use of space sextants. The book is
intended for engineers and designers specializing in the field of instru-
ment making for space purposes and it can be useful to students at higher

schools.
Contents Page
Foreword.sieoeeceeasss T TR T R R 5
Chapter 1. Astronomical Navigation in Space Flight..........ievene. 8
1.1. Principles of astronomical navigation of manned spacecraft.. 8
1.2, Conditions for observation of astroorientation targets in the
celestial SpPhere..cceecescecssoncsocccossssanesasssssocnns 16
1.3. Light conditions in space orbit.....ccccecviernnercncceennes 28

Chapter 2. Operator in the Astronavigation System of a Manned Vehicle 32
2.1. Adaptation of the cosmonaut's visual analyzer to observation

CONALitiONS.eeseerecssarssssssencsssccscasrssessasssnsossns 32

2.2. Professional functions of cosmonaut in the navigation session 37

2.3. Ergonomic characteristics of the sextant-operator system.... 47
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Page
- Chapter 3. Algorithms for Estimating Visibility of Stars and Choice of
Optical Characteristics of Space Sextants.........oeevenn 55
Effectiveness of optical instrument.......evceeeeenennn cesens 55
Search coefficient in estimating the visibility of astroorienta-
tion targets in the sextant's field of view..veeeveresoeenns 80
Methods for the optimization of photometric characteristics.. 85

Algorithms for estimating visibility of stars and choice of
optical characteristics of the space sextant.....ceeseeeess 108
Analysis of test results for astroorientation instruments.... 116

Chapter 4. Development of Optical-Kinematic Designs of Space Sextants 121

4.1.
4.2.

4.3.
4.4,

Principal characteristics of manual space sextants........... 121
Principal technical requirements on designing highly precise

SPACe SeXtANES.eeenosersasernsrcacsssonessssosscsssaransoasns 135
Optical-kinematic designs of highly precise visual sextants.. 141
Influence of window on accuracy of sextants and visibility of

SEATSeeessioncnsanosssacsosssassssessssnssansonsssssnssssas 169

Chapter 5. Methods for Increasing the Effectiveness of the Use of Space

- SEXtANES . ccnssesassssscssososcssssssssssssssssssssnnnasss 174
5.1. Automation of process of implementation of autonomous navigation
measurementS...... Sesesacseesessasesrrensseserssrsnrasesens 174
5.2. Methods for localizing zone of artificial twilight illumina-
EiOMeseesasennsoesasonssscvsesssososssacassssonssosnnasscassss 182
5.3. Application of statistical methods for processing navigational
- o e 186
AppendiX..ieesiieeesossoottessesssnsccssacsosennanss ceassae seereesseas 201
Bibliography.eeeecessecesecensssnsanssssossscsssssasans ciecetsasannenn 209
COPYRIGHT: TIzdatel'stvo "Mashinostroyeniye," 1978
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UDC 629.78.001.2
JET SYSTEMS FOR CONTROL OF SPACE VEHICLES

Moscow REAKTIVNYYE SISTEMY UPRAVLENIYA KOSMICHESKIKH LETATEL'NYKH
APPARATOV (Jet Systems for Control of Space Vehicles) in Russian 1979
pp 2, 230-231 ‘

[Annotation and table of contents from book by N. M. Belyayev, N. P. Belik
- and Ye. I. Uvarov, Izdatel'stvo "Mashinostroyeniye," 232 pages]

[Text] Annotation. The book sets forth the problems involved in the theory
of designing jet systems for controlling spacecraft. The authors examine
the schematic diagrams and design features of jet systems, the field of
their application as well as elements of the automation system. The book

is intended for engineering and technical workers engaged in the development
of rocket and space technology.

Contents . Page
FOreword.e ceeeeeeeeesssosecessoccconooecnsonssasosocsosocososonsssnooons 3
Chapter 1. General Information on the Control of Space Vehicles.... 5
1.1. Methods for the control of space vehicles in space.....es... 5
1.2. Control of angular motion of space vehicle using jet nozzles 11
1.3. Stabilization of a space vehicle by rotation......ccceeeecese 23
1.4, Classification, field of application and requirements imposed
on jet SYSteMS.eeesieecscacersessoasscscassovossoscsososas 27
1.5. Dynamic characteristics of microengines......ccecveevescscee 34
Chapter 2. Schematic Diagrams and Design Features of Jet Systems... 42
2.1. Gas jet SYStemMS..eeeeseesscssscsasssssasssnsssncecssssssasss 42
2.2. Liquid-fuel jet systems with single~component fuel.......... 51
2.3. Liquid-fuel jet systems with two-conponent fuel.......eco.. 66
2.4, Solid=fuel jet SYStemS.sssessosescessssssorscnsassaansssossos 77
2.5. Electrojet SyStemMS..cecevecsesecsarcrsrssosnsrccssonsssoanns 83
36

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040024-9



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040024-9

FOR OFFICIAL USE ONLY

_ Page
Chapter 3. Mathematical Model of Unsteady Motion of Liquid and Gas
in Pipelines of Jet SysStemS.e..eeevecreceseccocannase . 91
3.1. Formulation of problem.seseccsecsecscresecseccceossoascnesss 91
3.2. Dynamic equation of state.......... e eeessscaenecssnannanns 92
3.3. Energy dissipation during unsteady motion of fluid and gas

in pipelineS..eccveerscntcnssonosassescaseascannssssnnsses 107
3.4. Mathematical model of motion of fluid and gas in complex
Pipelines..ccieiecereececceonacencnsnnennas B I B

Chapter 4. Dynamic Processes in Power Supply Systems for Liquid-
Fuel Microengines..... Ceeessestsnsressesesasesesensans 123
1. Formulation of Problem...ciceeceescecscsccsssscsssessaanssss 123
.2. PFree oscillations of fuel in power supply systemS........... 123
3. Steady periodic oscillations of fuel in power supply systems
for microengineS...cveeeiseecscocoseossanerccssasonncesess 137
4,4, Hydraulic shock in power supply systems for microengines.... 146
4.5. Pressure pulsations in power supply systems for microengines
Of SpPacecraft.vceceesscecscassosncssssasessassasaceanaesoes 160

S

Chapter 5. Nonstationary Processes in Pneumatic Systems of Jet

Control ElementSeecesecsssceerssortoresassvansensnsses 164
5.1. Formulation of probleMiescecscoscsessssscorsssssncssacansens 164

5.2. Computation of gas parameters in container during its
eVACUALLION e eeecvestsosasssnsssavosssosnsssssssncsassasans 165

5.3. Computation of gas parameters in container during its
evacuation through a gas reducer......eeseseeecessassasees 172
- 5.4. Unsteady gas flow in lines of pneumatic systemM.............. 176

Chapter 6. Automatic Elements of Jet SystemS......eeesveeev-ees.oe. 183

6.1. General Information.sveeecesscesvscoscssscssassssnsnssoasses 183
2. Pressure regulatorS.csessessescsssessssanesassssnsssosssesss 188
3. Pneumohydraulic valveS...e.cveessssossssosssasssassannsnsass 195
4. Electric valveS..ceeeessceesessssescasassnsseassesssnncnssss 200
.5. Pyrotechnic valveS..eeeeessseseossssssvcosssosssasnasssnaees 202
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UDC 621.391
SPACE RADIO COMMUNICATIONS

Moscow KOSMICHESKAYA RADIOSVYAZ' (Space Radio Communications) in Russian
1979 signed to press 18 Dec 78 pp 2, 278-279

[Annotation and table of contents from book by N.T. Petrovich, Ye. F.
- ~ Kamnev and M. V. Kablukova (second edition, revised and supplemented),
Izdatel'stvo "Sovetskoye Radio," 5,000 copies, 280 pages]

[Text] Annotation. The authors examine the principal problems involved

in constructing systems for surface radio communication using relay appara-
tus on an artificial earth satellite and employing relay apparatus on the
moon. A number of methods for modulation on space radio links are analyzed;
and the noise immunity of space radilo links is evaluated, taking into account
the statistical character of the parameters determining their energy char-
acteristics. Also presented are the principal peculiarities of communica-
tion between the earth and a spacecraft. The book examines the possibilities
of communication with other planets. The optimum parameters of the communi-
cation system were determined for all the cases considered. The book is
intended for engineers working in the field of space radio communications,
instructors and students. Figures 107, tables 37 and bibliography of 121

items.
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UDC 629.785.001
LANDING SPACE VEHICLES ON THE PLANETS

Moscow POSADKA KOSMICHESKIKH APPARATOV NA PLANETY (Landing Space Vehicles
on the Planets) in Russian 1978 signed to press 16 May 78 pp 2~4, 159

[Annotation, foreword and table of contents from book by V.I. Bazhenov and
M.I. Osin, Izdatel'stvo '"Mashinostroyeniye," 2,500 copies, 159 pages]

[Text] Annotation. This book examines the problems encountered by the de-
velopers of landing and descent space modules in an investigation of their
design and flight performance. The authors set forth the methods for para-
metric computations for descernt modules of different types; the problem of
ascertaining their optimum parameters is formulated; and physical modeling
methods are described. In accuracy of the results and required time input,
the analytical methods for investigating the dynamics of a soft landing set
forth in the book, are entirely acceptable for practical engineering compu-
tations. The book can be useful to the designers of space vehicles, to
scientific workers engaged in investigation of the problems involved in
descent and landing, and also to graduate students and undergraduates at
colleges in the corresponding fields of specialization.

Foreword. This book acquaints the reader with the problems involved in the
descent and landing of space vehicles on planets. The successes of space
technology in this direction are obvious: vehicles created by human hands
are landing on the moon, Venus and Mars, and are successfully returning to
the earth from orbits and interplanetary trajectories.

Soviet and foreign publications have now described methods for computing
trajectories, gas dynamics and heat exchange during the flight of a space-
craft in the atmosphere. As a rule these books contain methods and algor-
ithms requiring time-consuming numerical computation procedures for deter-—
mining only some parameters of space vehicles. Unfortunately, it is impos-
sible to formalize rigorously all the operations in the process of designing
space vehicles. In actual practice it is necessary to seek analogues and
common characteristics in the design of new space vehicles; to use methods of
approximate parametric design evaluations on the basis of simplified compu-
tation models; and to draw upon the results of experiments, applying the
methods of the theory of similitude and analysis of dimensionalities for
determining the configuration of space vehicles operating under new and
unusual conditionms.

. 41
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040024-9



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040024-9

FOR OFFICIAL USE ONLY

It is obvious that within the limits of one book it is impossible to cover
the entire diversity of problems related to landing on planets and returning
to earth. Even a concise enumeration of these problems with a description
and formulation of the principal problems to be solved in the design and
laboratory testing of different types of landing modules would require a
monograph of several volumes. Accordingly, the authors of this book have
limited themselves to an examination of the principal problems related to
designing promising descent and landing modules and discussion of the prob-
lems which must be dealt with in the immediate future.

In the first part of the book, which is devoted to the problems involved
in descent in the atmospheres of different planets, we have given the re-
sults of solving design-testing problems associated with determining the
configuration and flight performance of descent modules. In particular,
for the conditions of descent to the earth we have based flight perform-
ance on the acceleration criteria for manned space vehicles entering the
earth's atmosphere at a hyperbolic velocity, and approximate mathematical
models are proposed for computing the trajectories of controlled descent.
For the conditions of descent to Mars, parametric computations have been
used for ascertaining the optimum load on the lifting surface; for Venus,
rational descent trajectories are determined from the conditions of entry
to the subsequent descent into the demser layers of the atmosphere; for
Jupiter, modern concepts have been formulated for methods of designing
the characteristics of a planetary probe descent module.

The problems involved in the contact of space vehicles with planetary sur-
faces and the problems in the design of the landing apparatus associated with
them can, to a certain degree, be isolated and considered independently of
the problems involved in flight in the atmosphere and in the pre-landing
deceleration segment. The second part of the book is devoted to the set

of problems arising in the process of creating landing modules: from the
theoretical methods for computing the dynamics of a soft landing, methods
for modeling and planning fundamental kinematics, means for absorbing energy
and increasing the stability of landing systems to experimental confirma-
tion of the theoretical results using full-scale models and dynamically
similar models.

In the second part of the book we establish the procedures for the physical
modeling of a softlanding under terrestrial conditions and obtain and ana-
lyze the conditions of similitude necessary for reproducing landing se-
quences on the moon and other planets during the earth~based testing of
space landing vehicles.

The book can be useful to specialists engaged in the design and testing of
the landing modules of lunar, Venusian, Martian and other descent vehicles,
to individuals engaged in the investigation of the particular problems in

the mechanics of landing and the thermodynamics of descent, as well as to
students in the corresponding fields of specialization.
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- IV.l SPACE APPLICATIONS
ANALYSIS OF SPACE PHOTOGRAPHS FOR TECTONO-MAGMATIC AND METALLOGENIC STUDIES

Moscow ANALIZ KOSMICHESKIKH SNIMKOV PRI TEKTONO-MAGMATICHESKIKH I METALLO-
GENICHESKIKH ISSLEDOVANIYAKH (Analysis of Space Photographs for Tectono=-

magmatic and Metallogenic Studies) in Russian 1979 signed to press 2 Mar 79
pp 2, 163-164

[Annotation and table of contents from book edited by I, N. Tomson, Nauka,
1400 copies, 164 pages]

[Text] This work is devoted to the employment of space photographs for the
detection of specific structures identifying the site of major deposits with-
in a mining province. The structures of regional significance include exten-
sive dislocation systems reaching the width of the first dozen or so kilome-
ters, not infrequently manifested on the surface in indistinct form. Large
deposits within their boundaries are related to the .centers of greatest tec-
tonic activity,

The characteristics of structure manifestation on space and high-altitude
photographs are reviewed using a number of regions as examples, and special
methods of studying them are proposed. Specific means for the local prog-
nosis of ore deposits are discussed.

The book includes 56 illustrations and 148 bibliographic references.
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